Myocardial pseudovascular tubes are present in the delayed rejectionof pig-to-baboon orthotopic cardiac xenografts  by Beranek, Jiri T.
The Journal of Thoracic and 
Cardiovascular Surgery 
Volume 117, Number 6 
loon pumping detennined by the pressure-diameter relation. J 
Thorac Cardiovasc Surg 1998;116:1052-9. 
2. Kelly R, Hayward C, Avolio A, et al. Noninvasive detennination 
of age-related changes in the human arterial pulse. Circulation 
1989;80: 1652-9. 
3. Lamb H. Applications of the derived function. In: Infinitesimal 
calculus. Cambridge University Press; 1944. p. 95-125. 
1218/97769 
Reply to the Editor: 
Regarding the letter to the Editor referring to our article, 
"Aortic Function in Patients During Intra-aortic Balloon 
Pumping Detennined by the Pressure-Diameter Relation," 
we would like to state the following. 
First, wave reflections are evaluated by measuring aug-
mentation index, defined as the ratio: (pressure from inflec-
tion point to late systolic peak)/(pulse pressure).! Beginning 
of pressure wave upstroke, inflection point, and late systolic 
peak are defined by using the fourth derivative of pressure. 
When plotted against derivative, the timing of inflection 
point is indicated by a local minimum in the first derivative. 
To simplify the detection of this point, higher order deriva-
tives are used to identify the zero-crossing point equivalent 
to the local minimum of the first derivative. The first zero 
crossing of the fourth derivative (in a direction from above 
to below the zero line) corresponded to the beginning of the 
pressure wave upstroke. The second zero crossing in the 
same direction corresponded to the inflection point.! Scat-
ter in each primary pressure derivative is smoothed by 
applying moving average curve (Microsoft Excel 97 for 
Windows; Microsoft Corporation, Redmond, Wash). This 
resulted in phase shifts, which depend on the interval of the 
moving average. Phase shifts of all derivatives are adjusted 
accordingly. 
SecolJd, pressure augmentation index measured on the 
heart ejection part of the blood pressure tracing is the only 
way to appreciate, in a comparative manner, the changes of 
the reflected waves both at baseline and during intra-aortic 
balloon pumping.2 
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Myocardial pseudovascular tubes are present in the 
delayed rejection of pig-to-baboon orthotopic cardiac 
xenografts 
To the Editor: 
In the article by Xu and associates! dealing with the rejection 
of pig-to-baboon orthotopic cardiac xenografts, the authors 
describe microvascular thromboses in a heart that has survived 
19 days after transplantation (see their Fig 4). The individual 
thromboses are surrounded by damaged cardiomyocytes man-
ifesting a more or less shrunken nucleus located in the midst of 
a large myocytolytic vacuole or rarefied myofibrils. 
Having been intrigued by the curious shapes, high number, 
and large diameters of the alleged microthromboses, I have 
found that they often contain parts of cardiomyocytes in their 
lumina. Using Cartesian coordinates and centimeters as units 
for their exact localization in Fig 4, the microthrombosis-like 
structures containing cardiomyocyte nuclei are located at the 
following points: x = 0.6, y = 4.1; x = 1.7, y = 1.8; x = 2.5, y 
= 2.5; x = 6.9, y = 5.6; x = 7.3, Y = 3.3. The structures con-
taining myocytolytic vacuoles with or without nuclear 
remains are located at these points: x = 2.4, Y = 2.3; x = 3.8, 
y = 0.3; x = 5.8, y = 0.3; x = 6, y = 2.9; x = 6.8, y = 5.3; x = 
7.5, y = 3; x = 7.8, Y = 2.6. Finally, the large thrombus-like 
structure containing rarefied myofibrils is present at x = 7.7, 
Y = 3.8. Consequently, the alleged microthromboses are not 
vascular structures but "myocardial pseudovascular tubes"2 
formed by individual hyalinized cardiomyocytes or their bundles. 
Hyalinized cardiomyocytes may undergo apoptotic disinte-
gration into "eosinophilic droplets" similar to red cells,3,4 
creating an impression of interstitial hemorrhage. In Fig 4,! 
such a process is present in the form of a hook delineated by 
the points x = 3.5, y = 0; x = 3, y = 6; x = 7.5, Y = 6.9. Note 
the presence of several "naked" cardiomyocyte nuclei close 
to the point x = 6.5, y = 6.7. Free cardiomyocyte nuclei were 
described in Syrian hamster cardiomyopathy5 and in the 
delayed rejection of heart xenografts.4 Apparently, the apop-
totic disintegration of cytoplasm may precede that of the 
nucleus.6 
The purpose of this letter is not to deny the presence of 
genuine microthromboses, which were well documented by 
electron microscopy in the hyperacute and delayed rejections 
of cardiac xenografts and allografts,? but to increase the 
awareness of myocardial pseudovascular tubes in the same 
situations. 
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